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The optical elements made of plastics are normally produced by mass production such as
injection molding with use of precision dies and molds. It costs to prepare the dies and molds,
and it is only justified to prepare such expensive dies and molds when the parts are massively
produced. On the other hand, it is too expensive and inefficient when precision plastic parts are
needed only in small quantities, such as a case of trial manufacturing of new products. An ultra-
precision diamond cutting is one of promising processes to produce the precision plastic parts in
such cases. But it is commonly believed that an ultra-precision cutting of plastics for optical
components is very difficult, because they are thermo-plastic material. In the present research, an
ultra-precision diamond cutting of polycarbonate (PC), that is one of typical optical materials, was
tried by using elliptical vibration cutting method. It is experimentally proved that good optical
surfaces were obtained by using elliptical vibration cutting in cases of grooving and flat surfaces.
The maximum surface roughness of less than 60 nm in peak to valley value is acquired.
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Fig. 1 Elliptical vibration cutting process
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Fig. 2 Orthogonal type elliptical vibration cutting

Fig. 3 Oblique type elliptical vibration cutting
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Fig. 4 Ultrasonic elliptical vibrator®
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Fig. 5 Experimental setup
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Table 1 Physical properties of plastics

Material PC Steel Glass
Tensile strength, MPa| 59-69 400 30-80
Elongation, % | 90-140 | 20-30
Young’s modulus, GPa | 2.1-2.5 210 60-90
Vickers hardness, HV 13
Permeability, % | 85-91
Refractive index, % 1.59 1.4-1.7
Water absorption, % 0.2

Groove

Fig. 6 Schematic illustration of grooving experiment

Table 2 Experimental conditions

Workpiece PC
Material Single crystal diamond
Tool Rake angle 0°
ReliefRngle |10°
Nose radius 1.0mm
Cl.lt:[mg Cutting speed |0.25, 40m/min
conditions of -
. Depth of cut | Changed continuously
grooving
Cutting Cutting speed | 0.25m/min
conditions of | Depthofcut |1, 10m
face cut Feed 10m
Tool vibration | Locus Circle
conditions of | Frequency 19.8kHz
ellip. vib. cut | Radius 1.0m
Cooling condition No cooling
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Fig. 7(c) Profile of B-B’ in Fig. 7(a) measured with AFM
Fig. 7 The groove formed by conventional cutting at
cutting speed of 0.25m/min
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Fig. 8 Micro photographs of grooves formed by conven-
tional cutting of PC at cutting speed of 40 m/min
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Fig. 10 Stress-strain diagram of PC’
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Fig. 11(a) Micro photograph of the groove
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Fig. 11 The groove formed by orthogonal type of
elliptical vibration cutting
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Fig. 12(b) Cutting dir. profile measured with AFM
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Fig. 12 The groove formed by oblique type of elliptical
vibration cutting
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Fig. 13(b) AFM image
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Fig. 13(c) Profile in feed direction
Fig. 13 Finished surface obtained by conventional cutting
at a depth of cut of 10 pm and feed of 10pum
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Fig. 14 Finished surface obtained by conventional cutting
at a depth of cut of 1 pm and feed of 10um
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Fig. 15 Schematic illustration of chip formation for face
cutting with R bite
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Fig. 16(a) Micro photograph

Fig. 16(b) AFM image
Fig. 16 Finished surface obtained by orthogonal type of
elliptical vibration cutting at a depth of cut of

10pm and feed of 10um

Dr=R-+JR*+F>—2F(Q2RD - D*)'" ¢
Where R : Tool radius
D : Set depth of cut
F  : Feed

Dr : Maximum depth of cut
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Fig. 17 Finished surface obtained by oblique type of
elliptical vibration cutting at a depth of cut of
10pm and feed of 10pm
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Fig. 18(b) Profile in feed direction
Fig. 18 Finished surface obtained by oblique type of
elliptical vibration cutting at a depth of cut of

10pm and feed of 10um
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